Objectives: A global unmet medical need exists for effective treatments for persistent, recurrent, or metastatic cervical cancer, as patients have a short life expectancy. Recently, immunotherapies have shown promising survival benefits for patients with advanced forms of cancer. Axalimogene filolisbac (ADXS11-001), a Listeria monocytogenes immunotherapy with a broad effect on the immune system, is under investigation for treatment of human papillomavirusYassociated cancers including cervical cancer. Methods: This phase 2 study evaluated the safety and efficacy of ADXS11-001, administered with or without cisplatin, in patients with recurrent/refractory cervical cancer following prior chemotherapy and/or radiotherapy. A total of 109 patients were treated, and 69 were evaluable for tumor response at equal to or more than 3 months postbaseline. Results: Median overall survival (OS) was comparable between treatment groups (ADXS11-001: 8.28 months; 95% confidence interval [CI], 5.85Y10.5 months; ADXS11-001 + cisplatin: 8.78 months; 95% CI, 7.4Y13.3 months). The 12-and 18-month milestone OS rates were 30.9% versus 38.9%, and 23.6% versus 25.9% for each group, respectively (34.9% and 24.8% combined). Median progression-free survival (6.10 vs 6.08 months) and the overall response rate (17.1% vs 14.7%) were similar for both groups. ADXS11-001 was generally well tolerated; adverse events were predominantly mild to moderate in severity and not related to treatment. More adverse events were reported in the combination group (429 vs 275). Conclusions: These promising safety and efficacy results, including the encouraging 12-month 34.9% combined OS rate, warrant further investigation of ADXS11-001 for treatment of recurrent/refractory cervical cancer.
C ervical cancer is the fourth most common cancer and cause of cancer deaths in women worldwide. 1 Most cases are diagnosed in less-developed countries, at an advanced stage, because of lack of effective screening programs. In India, cervical cancer ranks as the second most common cancer among women, with approximately 122,844 annual diagnoses and 67,477 reported deaths. 2 Cervical cancer is attributable to infection with high-risk human papillomavirus (HPV) 3 ; HPV types 16 (HPV-16) and HPV-18 account for more than 70% of invasive cervical cancer cases. 4, 5 Advanced cervical cancer has a poor prognosis, with median survival of 4 to 7 months in previously treated patients.
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Doublet chemotherapy (with/without bevacizumab) is currently recommended by the National Comprehensive Cancer Network as standard of care for patients with recurrent disease not eligible for surgery or radiation. 10 In a pivotal phase 3 study, addition of bevacizumab to chemotherapy in patients with persistent, recurrent, or metastatic cervical cancer (PRmCC) was associated with a 3.7-month improvement in median overall survival (OS). 6 On the basis of these results, bevacizumab received US Food and Drug Administration approval in 2014 for the treatment of PRmCC in combination with chemotherapy.
Axalimogene filolisbac (ADXS11-001) is a live, irreversibly attenuated Listeria monocytogenes (Lm)Ylisteriolysin O (LLO) immunotherapy bioengineered to secrete an antigenadjuvant fusion protein consisting of a truncated, nonhemolytic fragment of LLO fused to human HPV-16 E7 (tLLO-HPV-16 E7). Upon administration, ADXS11-001 is phagocytized by antigen-presenting cells. The tLLO-HPV-16 E7 fusion protein, along with other secreted Lm proteins, activates the major histocompatibility complex class I pathway, whereas nonsecreted ADXS11-001 proteins activate the major histocompatibility complex class II pathway. In addition, ADXS11-001 has been shown to alter the tumor microenvironment, facilitate T-cell infiltration, and reduce immune suppression mediated by regulatory T cells and myeloid-derived suppressor cells.
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To better assess the effects of immunotherapies on targeted cancers, clinical end points such as OS and overall response rate (ORR) must be reconsidered. Survival curves in randomized immunotherapy studies can show a ''plateauing effect'' that may prolong the time needed to achieve an OS benefit. Therefore, intermediate clinical end points (ICEs), which have shown to strongly correlate with OS, 14 need to be evaluated in immunotherapy clinical studies.
The objectives of this phase 2 study were to evaluate the safety and efficacy of ADXS11-001, alone or in combination with cisplatin, for the treatment of patients with recurrent/ refractory cervical cancer (RRCC) following primary treatment with chemotherapy, radiotherapy, or chemoradiotherapy. In addition, the use of an ICE (12-month milestone survival) was also evaluated as a clinically meaningful efficacy end point in this immunotherapy study.
MATERIALS AND METHODS
The reported phase 2 study enrolled patients (November 2010YJuly 2013) across 25 centers in India. All investigators were licensed medical practitioners (Supplemental Digital Content Table 1 , http://links.lww.com/IGC/A674). The study was registered at Clinical Trials RegistryYIndia (CTRI/2010/ 091/001232). The original protocol and its amendment, as well as patient information sheets (including informed consent forms), were reviewed and/or approved by competent authorities and independent ethics committees/institutional review boards according to local regulations, prior to study initiation. All patients provided written informed consent before study enrollment.
Patients
Patients (18Y60 years old) had squamous cell RRCC confirmed by histology and computed tomography (CT)/ radiologic scan, following prior treatment with chemotherapy, radiotherapy, or chemoradiotherapy, and measurable disease with at least 1 ''target lesion'' (by Response Evaluation Criteria In Solid Tumors [RECIST] v1.0). In addition, patients had Eastern Cooperative Oncology Group (ECOG) performance status (PS) 2 or less, and adequate immunologic, renal, hepatic, and neurologic functions.
Study Design
The intent of this proof-of-concept study was to investigate the safety, tolerability, and effectiveness of ADXS11-001 administered as a monotherapy and in combination with cisplatin in patients with RRCC. Cisplatin was selected for combination therapy as it is a standard treatment for RRCC. The ADXS11-001 dose used in this study was selected on the basis of results from a previous phase 1 safety study in patients with late-stage RRCC, where doses of 1 Â 10 9 , 3.3 Â 10
9
, and 1 Â 10 10 colony-forming units (CFUs) were safely administered and well tolerated. 15 The dose of 1 Â 10 9 CFUs was the lowest dose not associated with any dose-limiting toxicity. Under the 1 Â 10 9 -CFU dose regimen, ADXS11-001 would be administered at a rate that delivered fewer organisms per minute as well as fewer organisms per milliliter. Administering the infusion at the rate of 5.3 mL/min (80 mL/15 min) would allow ample time to dilute the infusion within the circulation and not administer a bolus of microbes. In the cisplatin-containing arm, the time period between the first ADXS11-001 dose (day 1) and the first cisplatin dose (day 29) was chosen based on the following rationale: (i) to allow ADXS11-001 to fully exert its immunologic priming effect, (ii) to allow cytotoxic chemotherapy to release tumor antigens and enhance the activity of ADXS11-001, and (iii) to avoid potential inhibition of T-cell proliferation by cisplatin.
The power for the study was set at 50% to detect a 3-month difference in OS between the 2 treatment groups. The objective was to expose the minimum number of patients necessary to detect a clinically meaningful difference in efficacy (eg, 3 months) as this was the initial study conducted to evaluate ADXS11-001 alone or in combination. Patients were randomized 1:1 to ADXS11-001 monotherapy or ADXS11-001 + cisplatin. Patients randomized to ADXS11-001 monotherapy received 1 cycle (3 intravenous infusions) of ADXS11-001 (1 Â 10 9 CFUs as an 80-mL intravenous infusion over 15 minutes) on days 1, 29, and 57. Patients randomized to ADXS11-001 + cisplatin received a single intravenous infusion of ADXS11-001 on day 1, followed 4 weeks later by 5 weekly cisplatin doses (40 mg/m 2 intravenous infusion over 2 hours), followed by 1 cycle of ADXS11-001 (Supplemental Digital Content Figure 1 , http://links.lww.com/IGC/A669). Each patient received oral ampicillin (500 mg 4 times a day for 7 days) or trimethoprim/sulfamethoxazole in case of penicillin allergy, beginning 72 hours after each dose of ADXS11-001, to ensure clearance of Lm. Before each dose of ADXS11-001, patients received up to 1 L of normal saline for hydration and before and after administration of oral naproxen and promethazine to help decrease the frequency and severity of adverse events (AEs) related to cytokine release. Patients with disease progression after initiating study treatment did not receive further treatments. Patients were followed at 3, 6, 9, 12, and 18 months to assess safety and efficacy (tumor response assessed through CT scans; survival status) (Supplemental Digital Content Table 2 , http://links.lww.com/IGC/A675). Patients who consented to long-term-survival follow-up (a separate written informed consent was requested during the 18-month visit and obtained for patients who were followed beyond the 18-month time point) were followed by telephone or face-to-face contact by site personnel until study closure.
Efficacy Assessments
The primary end point was OS. Secondary efficacy end points were tumor response (defined per RECIST v1.0), reported as complete response (CR), partial response (PR), progressive disease (PD), and stable disease (SD) at 3 months or longer; investigator's assessment of best overall response (OR); ORR (CR + PR) and disease control rate (DCR; CR + PR + SD) at 3 months or longer; duration of OR and duration of SD; progression-free survival (PFS); and milestone OS at 3, 6, 9, 12, and 18 months.
The efficacy survival follow-up population was defined as all randomized patients who received at least 1 dose of ADXS11-001 (n = 109). One patient from the randomized population (n = 110) was not included because of voluntary withdrawal on day 1 before ADXS11-001 dosing. Overall survival, assessed in the efficacy survival follow-up population, was calculated from randomization date to date of death. Overall survival was further explored by time to disease recurrence after last administration of primary therapy (e2 or 92 years), prior therapy (chemotherapy and/or radiation therapy), HPV genotypes (where available), and baseline ECOG PS.
Secondary analyses (ORR, DCR, PFS, and milestone OS rate) were conducted on the randomized (n = 110) population and on the subgroup of patients from the efficacysurvival follow-up population who received at least 1 dose of ADXS11-001 and at least 1 postbaseline tumor evaluation scan at 3 months or more postbaseline (n = 69). Tumor burden was considered as the sum of the largest linear diameters of measurable index lesions in accordance with RECIST v1.0. Overall response rate and DCR were based on best measured tumor response from treatment initiation until disease progression/recurrence, utilizing RECIST v1.0. Duration of OR was measured from the date of CR/PR to date of first progression. Duration of SD was measured from treatment initiation until the criteria for progression were met from the smallest tumor burden measurement recorded. Progressionfree survival was defined as length of time after randomization until first tumor burden measurement meeting the RECIST v1.0 definition of PD or death. Milestone OS was measured at 3, 6, 9, 12, and 18 months after first treatment, and survival status was dichotomized as either alive or dead at a time point.
Safety Assessments
Changes in laboratory parameters (hematologic and serum chemistry), vital signs, and physical examination were reported from baseline. Injection site reactions (swelling, irritation, immune reactions, or other abnormalities) were recorded at each visit. Adverse events were reported, and toxicities were graded per National Cancer Institute Common Terminology Criteria for Adverse Events v4.0.
Exploratory Cytokine and Chemokine Assessments
Serum cytokine and chemokine samples were collected predose and at 2 and 4 hours postdose of ADXS11-001. Samples from a subset of 18 patients who experienced an AE possibly related to ADXS11-001 administration and a control group without symptoms were planned for analysis. However, analysis was not performed because the collected samples were not viable upon receipt by the central clinical laboratory.
Statistical Analyses
Sample size calculation was based on the following assumptions: a 2-sided significance level of 0.05, duration of recruitment between 12 and 24 months, duration of follow-up of 18 months, and median OS for ADXS11-001 monotherapy of 6 months. If median OS was 6 months in the ADXS11-001 group and 9 months in the ADXS11-001 + cisplatin group, then a theoretical sample size of 110 patients (55/group) would yield 50% power to detect a difference in survival at a 2-sided significance level of 0.05. The power was set to 50%, which is the minimal value necessary to yield a resultant P = 0.05, provided the data showed the hypothesized result. Considering that median OS would exceed the hypothesized duration in the ADXS11-001 monotherapy group, the power would increase from 50% to 70% in the case that median OS was 11 months or from 50% to 80% in the case that median OS was 12 months.
Statistical analyses were performed using Statistical Analysis System (SAS) software version 9.1.3 (SAS Institute, Cary, NC). Results were summarized descriptively. Adverse events were coded using Medical Dictionary for Regulatory Activities v16.1.
RESULTS

Patient Characteristics
A total of 110 patients were randomized 1:1 to ADXS11-001 monotherapy and ADXS11-001 + cisplatin. Both groups presented comparable demographics and baseline characteristics ( Table 1) . Thirty-nine patients (35.5%) received radiotherapy, 10 (9.1%) received chemotherapy, and 61 (55.4%) received chemoradiotherapy as their primary treatment. Of the patients who received chemotherapy, alone or in combination with radiotherapy (n = 71), 11.3% (8/71) received 2 or more prior chemotherapy regimens. Ninety patients in the randomized population (90/110 [81%]) presented with disease recurrence within 2 years following their last dose of primary treatment.
Scrapings from the cervix or from the vaginal vault for patients after hysterectomy were obtained from 99 (90%) of 110 patients for HPV testing; 97 patients were tested using type-specific primers by polymerase chain reaction. Human papillomavirus was detected in 64 of 97 samples, with HPV-16 (73.4%) and HPV-18 (15.6%) the predominant genotypes.
Overall, 69 of 110 randomized patients composed a subgroup who had at least 1 postbaseline imaging scan. The remaining 41 patients were not evaluated at the 3-month visit for the following reasons: 5 patients were lost to follow-up, 4 patients were discontinued from the study treatment, 15 patients died, 16 patients withdrew their consent, and 1 patient underwent CT instead of the magnetic resonance imaging scan.
One hundred five patients (105/110 [95.5%]) were discontinued before completing all scheduled tumor evaluation/assessment. Reasons for premature discontinuation are listed in (Fig. 2) . There was no statistically significant difference in OS between treatment groups according to ECOG PS at baseline (P = 0.5258), time to disease recurrence after primary therapy (P = 0.8156), HPV strain identified (P = 0.3492), or prior therapy (chemotherapy Milestone OS rates in the ADXS11-001 monotherapy and ADXS11-001 + cisplatin groups at 6, 9, 12, and 18 months are presented in Table 2 . Overall, 34.9% (38/109) of patients achieved 12-month milestone OS, and 24.8% (27/ 109) achieved 18-month OS. Of the 15 patients consenting to follow-up beyond 18 months, 12 (11%) achieved 24-month OS status (range, 24Y34+ months) at the time of study closure. Table 3 and Supplemental Digital Content Figure 2 , http://links.lww.com/IGC/A670 present investigator assessment of best OR in the efficacy population (n = 69). These data demonstrate best ORR (CR + PR) of 17.1% (n = 6) and 14.7% (n = 5) in the ADXS11-001 monotherapy and ADXS11-001 + cisplatin groups, respectively. In addition, 29 patients had at least 2 postbaseline scans. In this group, (Table 3) .
Median PFS (n = 69) was similar for patients receiving ADXS11-001 monotherapy (6.08 months; 95% CI, 5.88Y9.36 months) or ADXS11-001 + cisplatin (6.44 months; 95% CI, 4.17Y8.94 months; P = 0.7509) (Supplemental Digital Content 
SafetyVAdverse and Serious Adverse Events
All AEs were analyzed in the safety population (randomized patients who received at least 1 dose of ADXS11-001; n = 109). A greater number of AEs were reported in the ADXS11-001 + cisplatin group compared with the ADXS11-001 monotherapy group (429 vs 275 AEs, respectively; Table 4 ). This difference may be attributable to the number of cisplatinrelated events experienced by patients in the combination group. However, the same number of patients in each group reported at least 1 AE (48 patients). Most AEs were mild to moderate in severity (566/704 reported AEs [80.4%]) and were not study drug related (539/704 reported AEs [76.6%]). The FIGURE 2. Kaplan-Meier curve for OS in the efficacy population, survival follow-up (n = 109) by treatment group. CIS, Cisplatin; LCL, lower confidence limit; UCL, upper confidence limit; n, number.
TABLE 2. Summary of milestone OS rates
Treatment Group* Overall (n = 109), n (%) ADXS11-001 (n = 55), n (%) ADXS11-001 + Cisplatin (n = 54), n (%) severity of the AEs and their relationship to study drug were similar between the 2 treatments (Table 4) . Of the AEs considered related/possibly related to study drug, the majority were reported in patients receiving ADXS11-001 + cisplatin (25 [46.3%] vs 20 [36.4%] patients). Chills and pyrexia were the most commonly reported related/possibly related AEs in both treatment groups (Supplemental Digital Content Table 3 , http://links.lww.com/ IGC/A676).
Sixty-seven serious AEs (SAEs; 10%) occurred in 49 patients (45%). One patient (1.9%) treated with ADXS11-001 + cisplatin reported an SAE of pyrexia that was considered related to study drug by the investigator. Two patients (3.6%) treated with ADXS11-001 monotherapy reported 3 SAEs that were considered possibly related to study drug by the investigator: cytokine release syndrome in 1 patient and abdominal pain and bacterial peritonitis with septicemia in 1 patient (fatal). In this patient, Escherichia coli was determined to be (Table 4) .
DISCUSSION
Patients with PRmCC have low 5-year survival rates for stage III and stage IV disease of approximately 33% and 15%, respectively, following first-line treatment with platinum-based chemotherapy. 16 Bevacizumab demonstrated a 3.7-month improvement in median OS compared with chemotherapy alone. 6 However, widespread use may be limited because of safety concerns (eg, fistula rate).
Recent advancements in understanding activity profiles of immunotherapies suggest that tumor response may not be the best primary outcome measure for an immunotherapy in advanced stages of cancer. As demonstrated by the 10-year survival data from phases 2 and 3 ipilimumab clinical studies in metastatic melanoma, 17 a proportion of patients remain alive after long-term follow-up. This observed ''plateauing effect''demonstrates the delayed onset of a prolonged survival benefit (Fig. 2) .
While OS is a well-accepted clinical end point, given the potential of immunotherapies to extend long-term survival, other ICEs may demonstrate a meaningful clinical benefit sooner. Milestone OS rate, in which OS is dichotomized at a prespecified time point, has been proposed as one such ICE. Petrelli et al 14 assessed whether 1-and 2-year milestone OS rates are reliable ICEs for median OS through a meta-analysis of 13 published trials of immunotherapies for metastatic melanoma. The correlation between 1-year OS and median OS (R = 0.93; 95% CI, 0.84Y0.96; P G .00001) and between 2-year OS and median OS (R = 0.79; 95% CI, 0.51Y0.91; P = 0.0001) was very strong. In addition, the correlation between treatment effects on 1-year OS and median OS was significant (R = j0.86; 95% CI, j0.3 to 0.97; P = 0.01; R 2 = 0.75), with similar results obtained for 2-year OS.
A meta-analysis of 10 published randomized controlled studies conducted by the Gynecologic Oncology Group (GOG) and Japan Clinical Oncology Group in more than 3500 women with PRmCC 6,7,18Y25 also showed a very strong correlation between 1-year OS and median OS (R = j0.89; 95% CI, j0.93 to j0.82; P G .001; R 2 = 0.79) (Supplemental Digital Content Figure 4 , http://links.lww.com/IGC/A672). These results indicate that 1-year OS rate is a viable ICE for median OS in immunotherapy trials of cervical cancer.
In this phase 2 study, the 12-month (34.9%) and 18-month (24.8%) milestone OS rates are important landmarks because they reflect an approximate 1.5-to 2-fold increase in median OS rates observed in this population that received at least 1 prior therapy following chemoradiotherapy. The 12-month milestone OS rate in this study exceeds historical GOG series data and represents the highest rates achieved (Supplemental Digital Content Figure 5 , http://links.lww.com/IGC/A673).
Overall responses are indicative of meaningful clinical benefit in PRmCC patients. However, ORRs are generally low, as might be expected in this advanced population (Supplemental Digital Content Table 4 , http://links.lww.com/ IGC/A677). Recent data from a study using pembrolizumab demonstrated an ORR of 13% (n = 3/24 patients). All responses were PR. 26 In the present study, a best ORR of 17.1% and 14.7% was observed in the ADXS11-001 monotherapy and ADXS11-001 + cisplatin groups, respectively, demonstrating the antitumor activity of ADXS11-001. Possible explanations for the slightly lower OS rate in the ADXS11-001 + cisplatin arm are (i) the interrupted schedule of ADXS11-001 administration, which might not have allowed for an optimal immunologic prime-boosting effect; (ii) the compounding immunosuppressive effect of chemotherapy and nonsteroidal anti-inflammatory drugs used to reduce the incidence of ADXS11-001Yrelated AEs; and (iii) the fact that, in the population with at least 1 postbaseline scan (n = 69), 50% of patients in the ADXS11-001 + cisplatin arm did not receive all ADXS11-001 doses.
This study presents with some limitations. One is the lack of a cisplatin-alone treatment arm, which would have allowed for a more accurate explanation of the difference in AEs in the ADXS11-001Yalone versus cisplatin-containing arms. Furthermore, evaluating the efficacy in the cisplatinalone arm would have possibly helped explain the differences in ORR observed between treatment arms. In addition, data on postprogression therapy, which may have influenced survival in some patients, were not collected. Another limitation is the relatively high rate of voluntary withdrawal of patients from the study, possibly due to their receiving mostly palliative advice following disease progression and their poor general condition precluding travel to study centers in preference for general local care. Nevertheless, this did not hinder assessment of study end points in either of the 2 treatment arms. The results of this initial study of ADXS11-001 in a RRCC population indicated there was no added benefit in survival with the addition of cisplatin in this setting. However, the OS, 12-month OS rate, and tumor response were compelling and formed the basis for the phase 2 GOG/NRG 0265 monotherapy trial in a similar population, in which the 12-month OS rate was 38%, 27 consistent with the findings of this study.
In conclusion, ADXS11-001 is well tolerated in patients with RRCC, as monotherapy and in combination with cisplatin. Median OS in both treatment groups was comparable to historical data. Both treatment groups raised ''the tail'' of the survival curve, demonstrating the potential for long-term clinical benefit. Based on its favorable safety profile and the potential long-term clinical benefit, further investigation of ADXS11-001 is warranted.
